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The layered ternary compound TaIrTe4 has been predicted to be a type-II Weyl semimetal with
only four Weyl points just above the Fermi energy. Performing magnetotransport measurements
on this material we find that the resistivity does not saturate for fields up to 70 T and follows a
ρ ∼ B1.5 dependence. Angular-dependent de Haas-van Alphen (dHvA) measurements reveal four
distinct frequencies. Analyzing these magnetic quantum oscillations by use of density functional
theory (DFT) calculations we establish that in TaIrTe4 the Weyl points are located merely ∼ 40-50
meV above the chemical potential, suggesting that the chemical potential can be tuned into the four
Weyl nodes by moderate chemistry or external pressure, maximizing their chiral effects on electronic
and magnetotransport properties.
A recent conceptual breakthrough in the theory and
classification of metals is the discovery of Weyl semimet-
als [1–3]. These semimetals have a topologically nontriv-
ial electronic structure with fermionic Weyl quasiparti-
cles – massless chiral fermions that play as well a fun-
damental role in quantum field theory and high-energy
physics [4]. A consequence is that in Weyl semimetals
topologically protected surface states appear in the form
of Fermi lines that connect Weyl points (WPs) of oppo-
site chirality, commonly referred to as Fermi arcs.
Last year it was discovered that actually two types of
Weyl fermions may exist in solids [5]. Weyl semimetals of
type-I have a point-like Fermi surface and consequently
zero density of states at the energy of WPs [6–18]. This
is very different from Weyl semimetals of type-II [5, 19],
which have thermodynamic density of states at the en-
ergy of Weyl nodes and acquire exotic Fermi surfaces:
in type-II systems Weyl nodes appear at touching points
between electron and hole pockets. The presence of these
very peculiar states is predicted to strongly affect mag-
netotransport properties of a Weyl semimetal and causes
the conduction of electric current only in certain direc-
tions in presence of a magnetic field [5, 20, 21]. In spite of
the considerable progress made by theory, only a handful
of type-II Weyl semimetals have been identified on the
basis of electronic band-structure calculations: WTe2,
MoTe2, Ta3S2, YbMnBi2 and, very recently, TaIrTe4
[5, 16, 22–25].
Of interest is in particular the orthorhombic ternary
compound TaIrTe4 as it combines structural simplicity
with topological WPs: TaIrTe4 is a structurally layered
material which hosts just four type-II WPs, the mini-
mal number of WPs a system with time-reversal invari-
ance can host [22]. Moreover, the WPs are well sepa-
rated from each other in momentum space. Such a large
momentum-space separation promises a strong impact of
the Weyl fermions on the transport properties. Indeed,
we present in this Letter magnetotransport and magnetic
quantum oscillations studies of TaIrTe4 that evidence a
non-saturating magnetoresistance signaling the presence
of Weyl nodes. Analyzing de Haas-van Alphen (dHvA)
oscillations by use of density functional theory (DFT)
calculations we establish that in our TaIrTe4 crystals the
WPs are located ∼ 40-50 meV above the chemical po-
tential, suggesting that the WPs might even match the
Fermi energy by a slight tuning by chemistry or external
pressure, which will maximize the effect of their chirality
on the electronic properties, in particular on the magne-
totransport.
Single crystalline TaIrTe4 was grown from excess Te
flux. Details of the crystal growth are described in
the Supplemental Material [26]. We used three single
crystals from the same batch for each of the resistivity,
Hall-effect, and magnetic-torque measurements. The ob-
served quantum-oscillation frequencies in the three sam-
ples closely agree with each other, evidencing that they
have the same electronic structure and chemical poten-
tial. The crystals have a needle-like shape that is due to
their crystal structure consisting of zigzag chains of alter-
nating Ta-Ir connections along the a direction, see Fig.
1(a). These chains hybridize with each other along the b
direction to form a conducting ab plane. This compound
shares the space group (Pmn21) with WTe2 while its unit
cell is doubled along the b direction. The resistivity and
Hall measurements were done by using the conventional
four- and five-probe methods in a superconducting mag-
net up to 15 T. Resistivity in pulsed fields up to 70 T
was measured in the Hochfeld-Magnetlabor Dresden at
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FIG. 1. (a) Crystal structure of TaIrTe4. Blue and cyan
balls represent Ta and Ir atoms, respectively. Te atoms (gray
balls) are only drawn in the polyhedron for clarity. (b) Tem-
perature dependence of the a axis resistivity measured in B =
0 and 15 T applied along the c direction. (c) Field-dependent
magnetoresistance with fields along the three crystallographic
directions. The MR data for B‖a is magnified by 10 times
for clarity. The inset shows the MR for B‖b up to 70 T at T
= 1.7 K.
Helmholtz-Zentrum Dresden-Rossendorf.
The resistivity measured along the a direction [Fig.
1(b)] shows metallic behavior in zero magnetic field with
a residual resistivity ratio RRR = ρ(292 K)/ρ(4.2 K) =
21.5. In a magnetic field B‖c the resistivity strongly in-
creases and even qualitatively changes its temperature
(T ) dependence below about 30 K. Such a pronounced
positive magnetoresistance is present for all three orienta-
tions of the magnetic field as displayed in Fig. 1(c) where
we plot the field dependence of the MR ratio, [ρ(B)-ρ(0
T)]/ρ(0 T). While the qualitative behavior of the MR is
similar, the absolute value is strongly anisotropic with
the smallest increase for B‖a. The MR ratio for B‖b
(780 %) at 15 T is nearly two times larger than that for
B‖c (420 %).
The theoretically predicted chiral anomaly in Weyl
semimetals manifests itself in a negative longitudinal
MR, due to the Adler-Bell-Jackiw chiral anomaly [27, 28]
which has been observed in type-I Weyl semimetals such
as NbP [29, 30], TaAs [31], and TaP [29, 32, 33]. The chi-
ral anomaly in type-II Weyl semimetals is more subtle,
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FIG. 2. (a) Field-dependent Hall resistivity ρxy at various
fixed T . The inset shows the Hall coefficient determined below
1 T. (b) Derivative of ρxy (T = 4.2 K) versus 1/B. Vertical
solid (dashed) lines mark maximum (minimum) positions on
the oscillation feature. Assigned Landau level indices (ν) as
a function of 1/B are shown in the inset.
because it is restricted to certain directions [5]. Exper-
imentally, our data for TaIrTe4 as well as earlier results
for WTe2 show a positive longitudinal MR for B‖E‖a
[34, 35].
Since there exist also conventional bands, it is very dif-
ficult to unambiguously separate the contribution from
isolated Weyl points in transport measurements. There-
fore, it is not possible to judge the presence or absence
of the chiral anomaly in TaIrTe4 from our present ex-
perimental data for the longitudinal MR. Anomalous
behavior is, however, found for the transverse MR in
TaIrTe4: the resistivity increases in the magnetic field
with ρ ∝ B1.5 up to 70 T without saturation, see inset
in Fig. 1(c). It is remarkable that a very similar obser-
vation has been reported for WTe2 [34]. In a classical
picture the large non-saturating transverse MR is due to
the vicinity to a perfect balance between electron and
hole carriers [34]. However, recently this observation has
also been associated with the nontrivial chiral bands of
Weyl semimetals [36, 37].
The Hall resistivity (ρxy) as a function of magnetic field
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FIG. 3. (a) Oscillating torque signals vs 1/B measured at
various angles at T = 1.5 K after subtracting a polynomial
background. (b) Angular dependence of the dHvA frequencies
(filled symbols). (c) Calculated angular dependence of dHvA
frequencies (EF = 0).
for various temperatures is depicted in Fig. 2(a). The ob-
served ρxy is positive in the whole T interval, indicating
dominating hole carriers. While ρxy linearly increases
with B at high T , a slowly oscillating feature appears
below 30 K. From the derivative of the 4.2 K data, we
identify a periodicity with 1/B and the corresponding
frequency (F ) is 10 T which is denoted as F0 hereafter.
This oscillation reaches the quantum limit above 10 T
[inset of Fig. 2(b)]. To obtain the Hall coefficient (RH =
ρxy/B), we extract the linear slope below 1 T, where the
oscillatory feature is negligible. The strong T -dependent
RH implies the presence of multiple charge-carrier chan-
nels. RH increases when lowering T , starting from 200
K, but decreases below ∼ 60 K as shown in the inset of
Fig. 2(a).
Qualitatively, such an anomalous T dependence of RH
is signaling bands with small hole and/or electron pockets
consistent with the band structure of TaIrTe4 discussed
below. We mention that we did not observe noticeable
changes in the resistivity as well as in Kohler plots from
the MR data around 60 K (See the Supplemental Mate-
rial [26]).
We investigated the magnetic quantum oscillations in
more detail in order to elucidate the electronic structure
of TaIrTe4. Magnetic-torque measurements up to 12 T
were carried out by use of a capacitive 50 µm thick CuBe-
foil cantilever placed in a superconducting magnet. We
measured the torque dHvA signals at various angles at
T = 1.5 K. The crystal was mounted in a configuration
such that the applied field aligned along the b axis for θ
= 0◦ and along the c axis for θ = 90◦. Figure 3(a) shows
the evolution in the torque signals. Varying from B‖b to
B‖c, the oscillating feature clearly changes, evidencing
anisotropic three-dimensional Fermi-surface pockets.
Applying a fast Fourier transform (FFT) after sub-
tracting a polynomial background from the magnetic
torque signal, we obtained the corresponding frequency
spectra. The observed frequencies are related to the ex-
tremal cross-sections of the Fermi surface (A) described
by the Onsager relation, Fi = Ai~/(2pie), where ~ is the
reduced Planck constant and e is the electron charge.
Figure 3 (b) shows the angle-resolved F plot. For B‖b,
we identify frequencies of 36, 73.5, and 109 T which are
denoted as F1, F3, and F4, respectively. These frequen-
cies smoothly grow as a field is tilted toward B‖c. We
additionally detected F2 for intermediate angles. The
effective masses (m∗) were determined by analyzing T -
dependent oscillation amplitudes at the fixed angle of
θ = 46.5◦. According to the Lifshitz-Kosevich formula,
the oscillation amplitude is proportional to X/sinh(X),
where X = αm∗T/B and α = 2pikBme/(~e), with the
Boltzmann constant kB and the free electron mass me.
The resultant m∗/me are 0.199 ± 0.003, 0.367 ± 0.005,
0.368 ± 0.006, and 0.370 ± 0.006 for F1, F2, F3, and F4,
respectively (see the Supplemental Material for details
[26]).
To interpret the data and establish their ramifications
for the electronic structure of our crystals, we compare
the measured frequencies with the results of DFT based
electronic-structure calculations [25]. Figure 4(a) shows
the electronic band structure in the vicinity of the Fermi
level. The corresponding Fermi surface at the Fermi level
is shown in Fig. 4(b). Spin-orbit coupling splits the
bands such that the hole pocket H1 is contained in the
hole pocket H2, which also has a small disconnected part
(H3). The electron sheets showing a large anisotropy
with open orbits along the c direction, also split into the
inner electron pocket E4 and the outer electron pocket
E5.
Comparing theory and our experimental results it is
straightforward to associate the frequencies F3 and F4
to extremal areas of the hole pockets H1 and H2, respec-
tively. Apparently, the corresponding branches show very
similar angular dependences for the experimental [Fig.
3(b)] and calculated frequencies [Fig. 3(c)]. The angu-
lar dependence of the frequency F1 which is suggested
by preliminary ARPES data to stem from the pocket H3
is not properly reproduced in the calculations [38]. The
theoretically predicted signatures E4 and E5 are not ob-
served in our experimental data. This discrepancy can
be due to distinctive characters of these bands resulting
in a weaker dHvA oscillation amplitude, for instance, a
heavier effective mass or large scaattering rate.
4FIG. 4. (a) Calculated band structure of TaIrTe4. (b) Fermi
surfaces viewed along the -kc direction. The pockets H1 and
H2 denote the inner and outer hole pockets. The pockets E4
and E5 are corrugated cylindrical electron pockets.
Even if we restrict our discussion to the frequencies
F3 and F4, where the assignment of the branches to the
hole pockets H1 and H2 is straightforward, clear quan-
titative differences between theory and experiment are
present. As apparent from Figs. 3(b) and 3(c), the ex-
perimental frequencies are smaller than the calculated
ones. The most simple approach to account for this dif-
ference is assuming a rigid uniform shift of the chemical
potential. Following such an approach, i.e., adjusting
the frequencies F3 and F4 for B‖b, yields a chemical po-
tential about 30 meV above the calculated Fermi level.
Following the same procedure for B‖c implies a further
shift upwards by about 10-20 meV (See the Supplemental
Material for details [26]). The limitations of this “rigid-
shift approach” are obvious already from this anisotropy.
More important, the deviation of the experimental F1 os-
cillation from the theory is also not solved by rigid shifts
of the calculated bands.
Despite these limitations the direction of the shift,
which is justified for the two hole bands H1 and H2, is
very interesting. Recent electronic-structure calculations
have predicted type-II Weyl points in TaIrTe4 located
about 79 meV above the calculated Fermi energy [25].
As the chemical potential in our crystals might be ∼ 30-
40 meV above this Fermi level, the chemical potential
would be just ∼ 40-50 meV below the energy of the Weyl
nodes. Therefore, one might infer that the vicinity to the
Weyl nodes is already important for the magnetotrans-
port. Indeed, the anomalous behavior reported above,
as for example the huge and strongly anisotropic magne-
toresistance that does not saturate for fields up to 70 T,
is supporting this qualitative conclusion. Thus, TaIrTe4
is a very promising material for obtaining Weyl nodes
very close to the Fermi level, for example by adjusting
the synthesis conditions for the crystal growth or apply-
ing external pressure. It is also a very promising mate-
rial for photoemission spectroscopy experiments aiming
to resolve the Fermi arcs. These experiments will benefit
from the fact that the Weyl points are well separated:
the length of the emerging Fermi arc is about 1/3 of the
surface Brillouin zone. Moreover, the arcs are present
at the natural (001) cleavage plane of TaIrTe4 when its
chemical potential is adjusted to the position of the Weyl
nodes in the electronic structure.
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